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EEFlA-2 FOR USE IN THE PROGSNfOSIS. DIAGNOSIS AND TREATMENT OF 

CANCER 

Field of the Invention 

EEF1A2, the gene encoding protein elongation fector EEFl A-2 (eEF-la2), has 
now been demonstratedtobeamplifiedin various tumois. Further, as also demonsteted 
herein, EEFlA-2 has properties of an oncogene in that it enhances focus formation, aUows 
anchorage independent growth and decreases the doubling time of fibroblasts, promotes 
tumoiigenicity in fibroblasts and increases the growth rate of ovarian carcinoma cells 
xenografted in nude mice. The present invention provides methods and kits for diagnosing 
and prognosticating cancer via detection of EEF1A2 and/or EEFl A-2. The present 
mvention also provides methods for treating cancer via inhibition of expression and/or 
activity of EEFlA-2, screening assays to identify new anticancer agents based upon Iheir 
abiKfy to inMbit EEFl A-2 expression and/or activity, and compositions conqirising an 
inhibitor of EEFlA-2 expression and/or activity for use in the freatinent of various 
cancers. The mefliods, kits and compositions of the present invention are particularly 
usefiil in tiie prognosis, diagnosis and treatinent of ovarian cancer, as well as breast and 
colotectal cancer. 

Bacb^onnd of the Invention 

In tiie year 2001, 25.000 North Ammcan women were expected to be diagnosed 

withovariancancer. Overhalf of the women diagnosed with ovarian cancer are likely to 
die of tliis disease^ 

Amplification of the 20ql3 locus is a marker for late stages of ovarian cancer 
(Courfal et al Br. J. Cancer 1996 74:1984-1989) and the presence of four or more copies 
of 20ql3 is associated with a decreased five-year survival after diagnosis (Diebold et al J 
PathoL 2000 190:564-571). ^ecificafly. a 20-30o/„ fi«etion of ovarian tumors have an 
increase in copy number of the 20ql3 locus (Courjal et al. Br. J. Cancer 1996 74:1984- 
1989; Sonoda et al. Genes Chtomosames Cancer 1997 20:320-328; and Diebold et al. J 

PathoL 2000 190:564-571)flmshnplicating one or more genes at 20ql3 in the genesis and 
progression of ovarian tumors. 
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Multiple genes map to fhe 20ql3 locos incladmg» but not limited to ZNF217^ 
NABCl (Collins et aL Proc. Nail Acad. Sci USA 1998 95:8703-8708). CTP24 (Albertson 
et aL Nat Genet 2000 25:144-146) and STK15/BTAK fBischoflf et aL EMBO J. 1998 
17:3052-3065). Neiflier CTP24, nor NABCl are known to have tumorigenic properties. 
However, mapping of the breast 20ql3 anoplicon by CGH (comparative genomic 
bybridizaticm) su^ests that tbe DNA amplifications center on a '^2Mb region around 
20ql3J2 and C7P24 (Albertson et aL Nat Genet 2000 25:144-146), the gene for vitamin 
D24 l^rdiolase (Walters, M.R. EndoctL Rev. 1992 13:719-764), unplicating this gene as 
tiie so-called ^'amplicon driver^' for 20ql3 in bteast cancer. In addition, ZNF217 has 
been disclosed as promoting the immortalization of mammary epithelial cells (Nonet et aL 
Cancer Res. 2001 61:1250-1254) 8Qd5m51iasbeea<Hsclosedasa1iaDsfotmer(Bisclioff 
et al. EMBO J. 1998 17:3052-3065). 

Ano&er gene that maps to the 20ql3 locus is EEF1A2 (Lund et aL Qenomics 1996 
36:359-361). EEF1A2 encodes protein elongation fector EEFlA-2 (fbnnerly eEF-la2). 
Daring piotein translation, eukaiyotic elox^tion &ctois (EEF) control liie recioitment of 
amino-aic^lated tRKA. to flie ribosome and cegnlate i3aa translocation of fhe growing 
polypeptide from the ribosome A to P sites (Hershey et al. Annu. Rev. Biochem. 1991 
60:717-755)* Human EEFlA-2 is one of two isoforms of eukaxyotic elongation factor 1 
alpha (EEFl A-1 and EEFlA-2) that share >90% DNA sequence and amino acid identity. 
EEFl A protems bind and hj^olyze GTP and catalyze tiie association of tE(NAs to tiie 
ribosome during protein elongation (Hershey et aL Annu. Rev. Biochcm. 1991 60:717- 
755). In addition to fheir role in protein translation^ EEFIA protems from a vaxiely of 
somces bmd to F-actin (Condeelis^ J. Trends Biochem. Sci. 1995 20:169-170; Yang et aL 
Nature 1990 347:494*496) and depo^erize a-tubulm micrdtabules (Shina et al. Science 
1994 266:282-285). Accordingly, it is believed tiiat these protems have a role in 
regulating <^ftoskeletal organization. 

A homozygous deletion of Ifae first intron and promoter of the EEF1A2^ termed die 
wst allele, occurs in tiie Wasted mouse, a spontaneous HRS/J variant (Sfaultz et al. Nature 
1982 297:402-404; Chambers et aL Proc. Nafl Acad. Sci. USA 1998 95:4463-4468). The 
deletion prevrats EEFl A-2 transcription (Chambers et al. Proc. Nati Acad. ScL USA 1998 
95:4463-4468), EEFl A-2-deficient Wasted mice suffer a B-and T-cell immuno-deficiency 
and neuromuscular abnormalities (Shultz et al. Nature 1982 297:402-404) and die by 30 
days of age of unknown cause. Wasted mice display xm increase in lynq)hocyte ^optosis 
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lelative to EEFlA-2 +/- animals and the possibilily fliat EEFlA-2 may be an iniubitar of 
apoptosis has been laised (Potter et aL Cell Immnnol. 1998 188:1 1 1-1 17). 



Summary of the Invention 

An aq>ect of flie present invention relates to methods for diagnosing and 
prognosticating various cancers in a subject comprising measuring EEF1A2 or EEFl A-2 
levels in a biological sample obtained from the subject and comparing the measured 
BEF1A2 orEEPlA-2 levels wi& levels of EEF1A2 or EEFlA-2 in a control v^erein an 
increase in the measured EEF1A2 or EEFl A-2 levels as compared to the control is 
indicative of the subject having cancer. 

Anolber aspect of the present invenfion relates to kits for detecting EEF1A2 or 
EEFl A-2 levels in a biological sanqple for use in diagnosing and prognosticating cancer in 
a subject 

Another aspect of flie present invention relates to meHiods for treating various 
cancers con^dng administering to a patient suffering from cancer an inhibitor of 
EEFl A-2 expressi<m and/or activity. 

Yet another aspect of the present invention relates to screening assays to identic 
new anticancer agents based upon tiie ability of an agent to inhibit EEFl A-2 e?qxression 
and/or activity. 

Brief Description of the Figores 

Figures la tim>ugh le show amplification of EEFIA2 in ovarian tumors detected 
by FISH. An £SPLi2-containing BAG clone and a control 20pl 1 probe were hybridized 
to nuclei fiom human ovarian tumors. In Figures la-lc, 8-10 £fiF/il2-hybridizing loci are 
visible in each of these tinee tumors, while only 2-4 copies of 20pll are visible, hi 
Figure Id, 2 copies each of EEF1A2 and 20pll are visible in tiiis ovarian tumor. Figure 
le is a metaphase spread showing tiiat the EEFIA2 BAG maps to 20ql3. 

Figures 2a and 2b show the increased expression of EEPl A-2 mRNA in ovarian 
tumors and cell lines. As shown in Figure 2% EEFl A-2 mRNA was readily detected in 3 
of 11 ovarian tumor samples but was not detected in noimal ovary mRNA (N). By 
stripping the membrane and re-probii^ with GAPDH and EEFlA-1, approximately equal 
loading was shown. Each of the tumors was also tested for EEFIA2 amplifications and the 
presence of increased copy number is shown. Figure 2b shows the expression of EBFl A-2 
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tote detectable in flie ovarian cancer ceH lines T0V-112D, PA-1. HEY and 2008 butnot 
in fhe noimal ovarian cell Hne NOV-61 or OV-90, TOy-81D, TOV-21D, OVCAR3, 
CAOV4, CAOV3, ES-2 or SKOV3. Hybridization to GAPDH and EEFI A-1 was used ai 
a loading control. 

Figures 3a Unongh 3f show the oncogenic properties of Em^l A-2. Jn Figure 3a, 
MM 3T3 lines were generated tiiat express EEFlA-2. Protein expression of EEFlA-2 
(wifli a V5 carboxy-tennmal epitope tag) in independent EEFlA-2 -expressing lines (NX. 
N2, N3) is shown relative to parental and vector transfected controls. Figure 3b shows the 
diffuse cytoplasmic and non-nuclear localization of EEFlA-2 protein in teansfected cells. 
Figure 3c shows that flie EEFlA-2 -expressmg lines grow as colonies in soft agar. The 
colonies shown are 15 days oW. Figure 3d shows that the EEFlA-2 -expressing lines (N- 
1. N-2, N-3) all grow fester flian parental NIH 3T3 cells. Figure 3e shows that EEFlA-2 
transfection induces foci in Rati fibroblasts. Figure 3f shows a focus induced by EEFI A- 
2 having similar morphology to a focus induced by the RAS^" allele. 

Figure 4a flnough 4d show enhancement of tumorogenicily by EEFI A-2. Figure 
4a shows that EBFlA-2-expressingNm 3T3 cells grow as tumors in nude mice, while 
parental NIH 3T3 cells do not Tumois shown are 21 days post injection. In Figure 4b, 
ovarian ES-2 lines were generated that expiess EEFlA-2. Protein expression of EEFI A-2 
(wiA a V5 carbaxy-tetminal epitope tag) in independent Knes (E1,E2,E3,E4) is shown 
relativB to parental and vector transfected controls. In Figure 4c, the ES2 lines were 
injected mto nude mice and tumor votame was measured as a function of time. EEFI A-2 - 
expressmg ceH lines grow fester tiian controls. The "sac." designation indicates tixat the 
animal was sacrificed due to ulceration of fhe primary tumor. Figure 4d shows tiie 
histology of ES-2-derived Imnors (H&E 40X). Ischemic necrosis (n) and invasion of 
subcutaneous adipose (black arrows) and muscle (white arrows) tissues are indicated 

Figure 5 pwmdes a line gr^h depicting the fiactional survival, measured in days 
foUowing diagnosis, plotted as a function of time for ovarian cancer patients with and without 
£EF7^ampKficatibn. All tumors in these studies were stage m serous. 

DetaUed Description of tiie Ibtvention 

The genetic amplification of growth enhancmg genes plays a key role m tiie 
development of human malignancy. Important to the understanding of oncogenesis is the 
identification of genes whose copy number and egression increases dming tumorigenesis. 
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Agents liiat fimctionally inactivate these genes or proteins encoded thereby can be used as 
anticancer therapeutics. Furfliennore, the genes and their protein products can be used as 
diagnostic and prognostic markers for disease progression and outcome prediction. 

It has now been found that EEF1A2, the gene encoding BEFl A-2 (formerly eEP- 
la2), is genetically amplified in 26% of primary ovarian and 25% of breast and colorectal 
tumors. In addition, as shown herem EEFJA2 amplification correlates with significantiiy 
reduced survival among ovarian cancer patients. EEFlA-2 mRNA levels are also 
increased in 27% of primary ovarian tumors and 33% of established ceD lines. The 
strong transforming and tumorigenic properties of EEF1A2 are indicative of this gene and 
the protein encoded thereby having an important role in oncogenesis over and above any 
potential role as a 20ql3 amplicon driver. 

Further, it has now been found that EEFlA-2 has growth-promoting properties. 
Expression of EEFl A-2 alters the growth properties of mouse NIH 3T3 fibroblasts by 
increasing their growfli rate and allowing them to grow in an anchorage-independent 
manner in soft agar. Expression of EEFlA-2 in RATI fibroblasts causes these cells to 
grow as a multi-layered focus. Anchorage-independent growth and focus fonnation are 
characteristics of cancerous cells. Importantly, egression of EEFl A-2 in NTH 3T3 cells 
makes these cells tumorigenic in mice. Expression of EEFl A-2 in the human ES2 ovarian 
carcinoma line increases the ability of these human cells to grow as tumors in nude mice. 
Thus, it is believed that EEFlA-2 is an oncogene, a gene that promotes cancer 
development 

To determine Aether EEF1A2 is part of the 20ql3 amplicon in ovarian cancer, 
FISH (fluorescence in situ hybridization) was used to measure EEF1A2 copy number in 
primary ovarian tumors. It was found that a 25% subset of primary ovarian tumors 
(14/53) have EEF1A2 qsidc amplifications. Three representative primary ovarian tumor 
samples with amplifications are shown in Fig. la-c. Amplifications of EEF1A2 are 
visualized by flie increased number of loci hybridizing to an EEF1A2 BAG (bacterial 
artificial chromosome) probe. The BAG probe contains the EEF1A2 3' UTR as 
determined by PGR. Hybridization of a control 20pl 1 probe to the same samples indicates 
that the increase in JEFi^-hybridizing loci does not result fiom chromosome 20 
polyploidy. A representative ovarian tumor with normal EEF1A2 copy number is shown in 
Fig. Id. As shown in the chromosomal met^hase spread in Fig. le, the BAG clone used 
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for the FISH hybridizes to 20ql3. Thus, EEF1A2 copy number is increased in a substantial 
subset of ovarian tumors and is part of the 20ql3 anq>licon. 

To determine whelher there is an increase in EEFlA-2 expression in ovarian 
tumors. Northern blotting was used to measure EEFl A-2 mKNA levels in primary ovarian 
tumors and established ovarian carcinoma cell lines. Although the tissue-specific 
expression pattern of human EEFlA-2 is currently unknown, rat and mouse EEFlA-2 
RNA is expressed only in normal brain, heart and skeletal muscle (Lee et al. J. Biol. 
Chem. 1992 267:24064-24068; Knudsen et al. Eur. J. Biochem. 1993 215:549-554). As 
shown in Fig. 2a, EEFl A-2 message was undetectable in nonnal ovarian tissue (lane N), 
whereas 3/1 1 primary ovarian tumors (lanes 1,4,5) had readily detectable EEFl A-2 RNA. 
GAPDH and EEFlA-1 gene expression was similar among the samples. The EEFIA- 
Igene (EEFIAJ) maps to 6ql4, a locus not known to be involved in ovarian cancer. The 
presence of EEF1A2 anq)lificatioiis among the tumor samples is indicated in Fig. 2a. As 
shown herein, 2/3 tumor samples Oane 1 and 5) with elevated EEFlA-2 mRNA had 
increased EEF1A2 copy number. One of the tumor samples with elevated EEFlA-2 
e;qpression did not have detectable EEF1A2 amplification (lane 4), suggesting that 
BBFlA-2 expression may increase independently of EEF1A2 copy number changes. 
EEFl A-2 mRNA expression is also increased in some estabhshed ovarian cancer cell lines 
relative to nonnal ovarian epithelial cells. Figure 2b shows that a normal ovarian 
epiflielial cell line, NOV-61, has undetectable EEFlA-2 RNA. In contrast^ 4/12 ovarian 
tumor cell Imes (TOV112D, PA-1, HEY, 2008) expressed EEFl A-2. The OV-90, 
TOV81D, TOV21G, OVCAR3, OVCAR4, CAOV3, SKOV3 and ES-2 cells Imes, like the 
normal NOV-61 cell line, did not detectably express EEFl A-2 mRNA. GAPDH and 
EEFlA-1 gene expression was similar among the cell Knes. Taken together, Fig. 2a,b 
indicate that EEFl A-2 expression is increased in a -30% subset of ovarian tumor samples 
and cell lines. 

The oncogenic properties of human EEFlA-2 were also assessed. For these 
experiments, NIH 3T3 rodent fibroblast cell lines wrae established by stably expressing 
EEFl A-2 mider the control of the CMV promoter. The EEFlA-2 used to generate the cell 
lines was tag^ at its carboxy-terminus with the V5 epitope (Gly-Lys-Pro-Ile-Pro-Asn- 
Pro-Leu-Leu-Gly-Leu-Asp-Ser-Thr (SEQ ID NO:l)) to fecilitate detection by Western 
blotting. Protem expression of exogenous EEFlA-2 in three independent NIH 3T3 clones 
(N-lJ^-2J^^-3) is shown in Fig. 3a. As shown in Fig. 3b, the EEFlA-2 protem in 
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interphase cells is non-nuclear and drSosely cytoplasmic, corresponding to fhe wQd type 
localization of the protem (Kjaer et al. Eur* J. Biochem. 2001 268:3407-3415). As shown 
in Fig. 3c, the EEFlA-2 -expressing clones grow as colonies in soft a^, a property not 
observed in the parmtal NIH 3T3 cells or NIH 3T3 cells transfected with the empty 
vector. Moreover, Fig. 3d shows that the EEFl A-2 -expressing clones have an accelerated 
growth rate relative to the parental NDH 3T3 controls. Four days after plating an equal 
number of cells, tiiere were approximately four times as many EEFlA-2-expressing cells 
as parental cells, indicating tiiat EEFl A-2 expression enhances cell growth rate. 

The capacity of EEFl A-2 to enhance cell growth was also assessed by measuring 
the ability of EEFl A-2 to induce focus formation in Rati fibroblasts. The ability to form 
foci in cell culture is a marker for cell transformation and is considered one of the general 
properties of an oncogene such as RAS (Land et al. Nature 1983 Nature 304:596-602). As 
shown in Fig. 3e, EEF1A2 tuduced focus formation in Rati cells. The constitutively 
active and transforming RAS^^^ allele (Provencher et al. In Vitro CeU Dev. Biol. Anim. 
2000 36:357-361) was used as a positive control. The morphology of £EF/^-indaced 
foci was snnilar to those induced by RAS^^^ (Fig. 3f). 

To determine whether EEFlA-2 enhanced tumorigenicity, EEFlA-2-expressing 
NIH 3T3 cells were subcutaneously injected into nude mice. As shown in Fig. 4a, 
expression of EEFl A-2 in NIH 3T3 cells was su£5cient to induce in vivo tamorigenicity. 
No tumor growth was observed in the parental or vector-lxansfected NIH 3T3 cells. While 
the N-1 line e:q>ressed more EEFl A-2 protein than either N-2 or N-3, it did not appear to 
form larger tnmors in the mice nor was it more dGBcient at forming colonies in soft agar 
(Fig. 3a). This indicates tiiat N-1, N-2 and N-3 are ^q>ressing enough EEFl A-2 protein so 
that its abundance is not the limiting &ctor in eifter anchorage-independent growth or in 
vivo tumorigenesis. 

To det^mine the effect of EEFl A-2 on an ovarian-derived cell, mdependent ES-2 
ovarian cell lines that express EEFlA-2 (E-l,E-2,E-33-4) were generated. ES-2 are 
ovarian clear cell carcinoma cells that do not express detectable EEFlA-2 mRNA (Fig. 
4a). Protein expression of EEFlA-2 m four independent ES-2 derivatives is shown in Fig. 
4b. A non-specific background band of sligjhtly higher molecular weight than the EEFl A- 
2 protein was seen in the parental and vector lanes and could also be discerned in the E-1, 
E-2, and E-3 lysates. As shown in Fig. 4c, the cell lines e^ressing EEFl A-2 aU had an 
accelerated rate of tumor formation in nude mice relative to the ES-2 controls. Thus^ 
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EEFlA-2 enhanced their m vivo tumorigenicity. HematOTQ^lin and Eosin stained sections 
of representative ES-2-derived tumors are shown in Fig. 4d. All tomors showed highr 
grade malignancy with an ischemic necrotic core (n) indicative of rapid tomorigenesis. 

The demonstrated ability herein of EEFlA-2 promoting cancerous growth is 
indicative of EEFlA-2 being a target for anti-cancer therapy. It is believed that EEFl A-2 
inactivation through inhibition of e7q)ression of EEFlA-2 and/or through inhibition of the 
activity of this protein will slow or stop the growth of cancer cells. Accordingly, one 
asfpect of the present invention relates to methods of treating cancer by administering an 
a^t &at inhibits EEFlA-2 expression and/or activity. Such EEFlA-2 inactivating 
agents are e^qpected to be particularly useful in the treatment of ovarian cancer. Other 
cancos, inchiding breast and colorectal cancer, are also expected to be targets for EEFl A- 
2 inactivation. 

In one embodiment; an anticancer agent comprises an antisense oligonucleotide 
which hybridizes to EEF1A2 or mRNA thereof and inhibits transcription of EHPlA-2 
and/ovr jirotein translation of EEFlA-2 mKNA Antisense oligonucleotides can be 
delivered intravenously or orally in accordance with well known procedures. 
Altematively, an adenovirus engineered to express an EBFlA-2-specific antisense 
oligonucleotide can be administered in accordance with routine procedures. 

Other anticancer a^nts useful in the present invention may comprise small organic 
molecules, proteins, peptides or peptidomimetics tiiat are capable of inactivating or 
inhibiting EEFlA-2. 

The present inv^tion also relates to screening assays for use in identifying 
potential anticancer agents based upon then: ability to inactivatB or inhibit EEFlA-2. For 
example, a screening assay of the present invention may comprise individually testing 
potratial anticancer agents for their ability to inhibit: a) EEFlA-2-mediated enhancement 
of NTH 3T3 cell growth; b) EEFlA-2-mediated enhancement of protein translatioi^ and/or 
c) EEFl A-2-mediated microtubule cleavage. The ability of a test agent to iiihibit one or 
more of these activities is indicative of the agent being useful in the treatment of cancer, 
particularly ovarian, breast or colorectal cancer. 

Another aspect of the present invention relates to the use of EEFlA-2 gene 
amplification or EEFlA-2 protein expression as a prognostic marker in cancer, 
particularly ovarian cancer, as well as breast and colorectal. As shown in Figure 5, 
ovarian cancer patients with EEF1A2 anrpMcation survived a shorter period of time 
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foUowing diagnosis flian ovarian cancer patients without EEIFA2 amplification. Thus, 
detection of EE1FA2 amplification or increase EElFA-2 protein eatpression can be used to 
prognosticate snrvival lime of a cancer patient In one embodiment, lie presence of 
EEF1A2 an5)lifications in primary ovarian tumors is identified using an EEFIA2- 
contaimng bacterial artificial chromosome (BAG). The presence of EEF1A2 
amplifications can be used as a genetic marker to predict the probabihty of survival. In 
anoflier embodhnent EEFlA-2 protem expression can serve as the prognostic marker of 
ovarian, breast or colorectal cancer. For example, the EEFl A-2 protein is not expressed in 
normal ovarian ephheKal ceDs. Thus, antibodies that specifically recognize EEFlA-2 
protein can be generated and used to stain samples of tumor removed fiom ovarian cancer 
patients. Patients with tumor samples that stam positive for EElFA-2 are expected to 
survive for a shorter period of time as compared to patients with tumor sample negative 
for EEFlA-2. Prognostic information relating to EEFlA2-gens amplification and/or 
EEFlA-2 protdn expression can be used to enhance clmical dedsion-makmg and to select 
appropriate treatmeot leghnes. 

In addition, increased EEFlA-2 expression m tumora such as primary ovarian 
tumors m a subject is expected to lead to increased EEFlA-2 protem levels m biological 
samples such as blood and other tissues obtamed fiom the subject Accordmgly, 
measurement of increased EEFl A-2 levels in a biological sample such as plasma, serunl 
or other tissue obtamed fiom a subject can be used as a diagnostic tool for cancers such as 
ovarian, breast and colorectal cancer in tiie subject Blood or other tissue samples can be 
taken fi«m a subject and analyzed for tiie presence of EEFlA-2 protein using a standard 
immunoassay technique such as an EUSA with an EEFl A-2-specific antibody. Measured 
levels of EEFlA-2 protem in die sample can th^ be compared to levels in a control. As 
used herem, by "control" it is meant, a sample obtained fiom an mdividual known not 
have cancer, a sample obtained previously firon the subject prior to the onset or suspicion 
of cancer, or a standard fixMn data obtamed fiwm a data bank correspondmg to currently 
accepted normal levels of this gene or gene product Increased EEFlA-2 protem levels m 
Ihe sample obtamed fiom tiie subject as compared to leveb m the control are indicative of 
thesubjecthavingovarian,breastorcolorectalcancer. llie comparison performed may be 
a straight-forward comparison, such as a ratio, or it may mvolve weighting of one or more 
of tiie measures rektive to, for exan^le, &ek unportance to tiie particular situation under 
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consideratioiL The comparison may also involve subjecting Ihe measurement data to any 
appropriate statistical analysis. 

Another aspect of the present invention relates to kits for diagnosing and 
prognosticating cancer in a subject by detecting EEF1A2 gene amplification or EEFl A2 
protein expression. Kits for detection of EEFl A2 gene amplification preferably comprise 
a means for detection such as a -EEFiy42-containing bacterial artificial chromosome (BAG) 
as well as instructions for use of BAG in detecting EHP1A2 gene amplification in tumor 
tissue samples. Kits for detection of EEFlA-2 protein egression preferably comprise a 
means for detection such as an antibody specific for EEFlA-2 as well as instructions for 
use of such antibody to immunoassay a biological sample such as a tumor tissue biopsy 
sanq>le, or a serum or blood sample obtained from a subject for the presence of EEFl A-2. 
Other components included in these kits may comprise EEF1A2 standards, diluting 
solutions, and/or wash buffers routinely provided in diagnostic and prognostic kits of this 
natute. 

The following nonlimiting examples are provided to Jtofher illustrate the present 
invention. 

EXAMPLES 

Example 1: fluorescence HybricUaation and Microscopy 

Fluorescence in situ hybridization OPISH) was perfcmned in accordance with the 
procedure described by Demetrick, DJ. (Mod. Pathol. 1996 9:133-136). In fliese 
experiments, EEF1A2 and 20pll BAG clones were labeled with FITC-dUTP and 
DigoxygeninCDIGHUTP, respectively. The labeled clones were then hybridized at 37°C 

to interphase nuclei £ix>m fix>zen ovarian carcinoma tissue samples. SHdes were counter- 

I 

stained with DAPI and visualized utilizing a Zeiss Axioplan 2 mi(3x>scope. A Photometries 
PXL 1400 CCD camera was used to capture images of representative interphase nuclei 
and Electronic Photography version 1.3 Biological Detection software used for alignment 
Adobe PhotoShop was used to pseudocolor FITC and DIG labeled probes. A V5 antibody 
(InVitcogen) diluted 1:500 in phosphate buffered saline (PBS) foUowed by an Alexa 546- 
conjugated (1:200 in PBS) secondary antibody was used to determine EEFl A-2 
localization. 




15 



Example 2: RNA purification and Northern Blotting 

Ovaiian tumor samples were obtained fiom ttie Gynecology and Oncology Gionp 
of file Cooperative Human Tissue Netwoik. RNA was prepared fiom 100-200 mg of 
frozen tumor homogenized in 2 ml of TriZol (Gibco) as per the manufecturer's directions. 
:5 KNA from ceD lines was obtained flirough lysis of a 60 mm plate with 1 ml of Trizol 
(Gibco). 10 ug of total RNA was loaded per lane and RNA was transfeited to GeneScreea 
NonnalovaiymRNA was obtained from Stratagene. Membranes were pre-hybridized at 
63-0 in 25 ml Church's Buffer, hybridized in 15 ml Church's at 59°C overnight, and 
washed at 62»C. The EEF1A.2 probe was a 598 BamHI/Psa fragment of the human 
10 EEF1A2CDNA. 

Examples: Cdl culture and Western blotting 

NIH 3T3 and ES-2 cells were grown in 10% FBS/DMEM and 10%FBS/M:cCoy's 
5A respectively. EEFlA-2-expressing NIH 3T3 and ES-2 cells were derived by 
transfecting NIH 3T3 cells with 5 ug of the EEFl A-2 plasmid and 15 ul of SuperFect 
(Qiagen) per 60 mm dish. 0.4 mg/ml Zeocin (InVitrogen) was used to select ttansfectants 
and independent clones derived by limiting dilution cloning. An a-V5 antibody 
OnViliogen; 1:500 in TBSI) foUowed by an HRP conjugated goat anti-mouse (BioRad; 
1:1,000 in TEST) and ECL+ (Amersham) were used to detect EEFl A-2 expression, Cefl 
growfli was measured by Coulter counting triplicate independent platings from a NUNC 
6-wbU plate. For focus-fanning assays, EEF1A2 and ItASr"\ bofli under the control of 
the CMV promoter, were transfected into Rati fibroblasts using calcium phosphate 
accordmg to the manufecturer's directions (Gibco). The pCDNAB empty vector was used 
as a control. Transfected cells were grown in 2% FBS/DMEM at 37^C for 14 days and ihe 
media changed every ftree days. Ttansfection efSciency was determined by counting 
25 colonies fliat arise in selective media (Zeocin for EEFlA-2 and G418 for Ras). Foci were 
counted by washing plates in PBS, fbdng in 10% acetic acid and staining with 0.4% 
. crystal violet Counts are the mean of tiipHcate ejqjeriments, each containing tripUcate 
independent transfections. For soft agarose assays, 2 x 10'* NIH 3T3 ceDs were placed in 3 
ml of 0.35% low gelling tenq)erature agarose (Sigma) in 10% FBS/DMEM and overlaid 

30. on 5 ml 0.8% agarose/10% FBS«5MEM ma 60 mm dish. Cells were grown at 37 °C for 
14 days to allow colony fonnation. 
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Example 4: Tomor Xenografts 

NIH 3T3 or ES-2 cells (1 x 10^ were injected subcntaneously into the hind leg of 
nude mice and flie animals were sacrificed 21 days post injection. Tumor volume (V) was 
estimatBd fom the lengfli (/) and widfli (w) of the tumor by the formula: V= in/6) x ((/ + 
wy2)\ Tumors were fixed in formalin overnight at 4"C and paraflSn embedded. Sections 
were de-waxed and stained with Haematoxylin and Eosin. Animal experiments were 
conducted through protocols approved by the Central Animal FaciKty at McMaster 
Untvetsify. 
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mat Js Claimed is: 

1. A mefhod for diagnosing cancer in a subject comprising measuring 
EEF1A2 gene anqslification or EEFlA-2 protein expression levels in a biological sample 
obtained ftran Oe subject and comparing flie measured EEF1A2 gene amplification or 
BEFl A-2 protein expression levels with, levels of EEF1A2 gene amplification or EEFl A-2 
protdn expression levels in a control wherein an increase in the measured EEF1A2 gene 
ampHficatian or EEFlA-2 protein expression levels as compared to die control is 
indicative of the subject having cancer. 

2. The method of claim 1 wherem the cancer is ovarian cancer, breast cancer 
or colorectal cancer. 

3. Ihe method of clahn 1 wherein the biological sample comprises a serum or 
plasma sample or a tumor tissue biopsy sample obtained from the subject 

4. A mefliod for prognosticating survival and selecting effective treatment 
reghnes for a patient suffering fi»m cancer comprising measuring EEF1A2 gene 

amplificationorEEFlA-2ptoteinexpressionlevelsinabiological sample obtained from 
the subject 



5. The method of claim 4 \dierem the patient is suffering from ovarian, breast 
or colorectal cancer. 



6. The method of claim 4 wherein die biological sample comprises a serum or 
plasma sample or a tumor tissue biopsy sanqjle obtained from die patient 

7. A kit for prognosticating and/or diagnosing cancer comprising a means for 
measuring^EF/^ gene amplification or EEFlA-2 protein expression levels in a 
biological sanqple. 



8. A method for treating cancer conqirising administering to a patient 
suffering from cancer an rnhflrftor of EEFlA-2 expression and/or actrvily. 
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9. A screening assay to identify new anticancer agents comprising measuring 
an agait's ability to inhibit EEFlA-2 expression and/or activity. 

10. The screenmg assay of claim 9 wherein the agent's abiHty to inhibit 
EEFl A-2 expression and/or activity is measured by EEFl A-Z-mediated enhancement of 
NIH 3T3 ceU giowth, EEFlA-2-mediated enhancement of protein translation or EEFl A.2. 
mediated microtubule cleavage. 
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ABSTRACT 

Methods and kite for diagnosing and prognosticating cancer via detection of 
EEFIA2 and/or EEFl A-2 are provided. Also provided are mefliods for treating cancer via 
inhibition of expression and/or activity of EEFl A-2 and screening assays to identify new 
anticancer agents based vpon tiieir abiKty to inhibit EEFl A-2 expression and/or activity. 
The me&ods and kits of the present invention are particularly useful in the prognosis, 
diagnosis and treatment of ovarian, breast and colorectal cancer. 
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